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1. Introduction 
 
1.1. Conflicting management goals 
 
Conservation goals and economic use of resource can easily conflict when externalities 
exist. By definition an externality is a market failure in which an individual’s utility or 
production includes non-monetary variables, whose values are chosen by other actors 
and have an unintended effect on the individual’s welfare (Kahn 2005, 26). Both 
positive and negative externalities exist. The market failure regarding externalities 
means that too little positive externality is produced, whereas there is an excess 
production of negative externality. Conflict arises when the legally protected 
endangered species and human compete for the same limited resource e.g. game 
species, crops or fish stocks. (Graham, Beckerman & Thirgood 2005, 159; Treves & 
Karanth 2003, 1492.)  
 
Human-wildlife conflicts typically arouse discordant opinions and furious reactions, as 
the resource users find the existence of wildlife species unjustified and 
conservationists argue the human actions harm the wildlife. This is the case in the 
Baltic Sea with grey seal (Halichoerus grypus) and Atlantic salmon (Salmo salar). Grey 
seal is protected and salmon is being harvested by fishermen. Both of the species have 
been defined as critically endangered in the late 20th century but due to conservation 
schemes, harvest controls and enhanced environmental quality the situation of both 
species has ameliorated. Grey seal population has been growing quickly after 1980s 
and has been regarded as near threatened whereas the wild salmon stock is still 
regarded as endangered. (Halkka, Helle, Helander, Jüssi, I. Jüssi, M., Karlsson, Soikkeli, 
Stenman & Verevkin 2005, 60; Finnish Game and Fisheries Research Institute, later: 
FGFRI 2007 b.) In 2010 the grey seal was moved to the category of least concern in the 
Finnish threat assessment of species (Rassi, Hyvärinen, Juslén & Mannerkoski 2010, 
315). 
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Grey seals are legally protected by European Union’s habitat directive1. EU commission 
continues the work of International Baltic Sea Fishery Commission (IBSFC), which 
initiated the Salmon Action Plan in 1997. Also national level management plans have 
been laid. The Baltic environment is managed by Baltic marine environment protection 
commission - Helsinki Commission (HELCOM) as well as EU commission. HELCOM has 
formulated management plans for both salmon and grey seal.  
 
When conservation policies come into success in increasing the protected species’ 
population, harvesting of resource may suffer from economic losses since ever 
increasing catch losses and gear damages caused by the protected species occur (Sava 
& Varjopuro 2007, 166). For instance, grey seals eat fish from fishermen’s gear leaving 
half eaten damaged fish and holes in the gear, which enables fish to escape from the 
gear. Catch losses and gear damages result in costs which fishermen claim to threaten 
the whole salmon fishery in the Baltic Sea (Ministry of Agriculture and Forestry, later: 
MoAF 2002, 7). Catch and gear damage represent the seal induced negative 
externalities suffered by fishers.  
 
The economic use of salmon affects seals in two ways. On one hand, seals have 
learned to use the fishing gear as a food source. On the other hand young seals drown 
to the salmon fishing gear as by-catch, which decreases the seal population. With by-
catch we mean the fisheries’ incidental take of non-target species. By-catch of juvenile 
grey seals damages the seal population, producing a negative externality to those 
valuing seals.  
 
The commercial value of Atlantic salmon fishery in the Finnish marine waters was 1.2 
million  €  with  total  catch  of  314  tonnes  in  year  2009,  while  the  total  value  of  the  
Finnish marine fishery was 23 million € with 117 000 tonnes catch. The focus of this 
study is on the trap net fishery, which contributed to 720 000 € in value and 188 
tonnes in catch. The trap net catch of salmon consists of salmon caught by three 
                                                        
1Grey seals are listed in habitat directive annexes II and V. Annex II defines species which require the 
designation of special conservation areas. Annex V defines species whose exploitation may need 
management measures. (The Council of European Communities 2007, 24 & 27.) 
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different gear types: salmon, whitefish and push up trap nets. In order to connect the 
value of salmon trap net fishery to seal induced catch losses, the value of seal eaten 
salmon is estimated to be minimum 93 000 € in year 2009 excluding other seal induced 
damages such as hidden losses and gear damages. (FGFRI 2010b, 12 & 17.) 
 
1.1. Aim of the thesis 
 
In this thesis we will formulate a bioeconomic model which provides new insights on 
the optimal management of Atlantic salmon with respect to the effects brought about 
by the grey seal population (fig. 1.1). As the catch losses caused by seals have an effect 
on salmon fishery in Baltic, we will study how seal population affects the present value 
of the fishery.  
 
Figure 1.1. The interactions between salmon trap net fishery, salmon and grey seal 
populations employed in our model. 
 
The bioeconomic model first describes the salmon fishery without the seal induced 
effects, after which we will introduce the seal population into the model. This is 
followed by calculation of optimal seal compensation scheme. The model brings fresh 
applications to resource economics of the Baltic fishery research by combining multi-
species model with economically significant age groups. Our perspective of seal 
induced effects on the economics of salmon fisheries is new to the resource economic 
research of the area. 
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As there is no information available on the economic benefits of seal population, we 
will not give guidelines of seal management in terms of seal hunting. Instead, we will 
focus on the sustainable co-existence of salmon fishery and seal population, giving 
policy recommendations on the seal compensations. This enables a social optimum, 
which is expected to be also a feasible solution, since it compensates the fishermen 
without endangering the seal population. 
 
1.2. Research definition and method 
 
Economic interaction of seal and salmon fishery is remarkable in terms of seal by-
catches and seal-induced damages in comparison with other target species of fisheries, 
thus it is worthwhile to concentrate on salmon. (Halkka et al. 2005, 28). Atlantic 
salmon and grey seal are here connected through using a discrete time deterministic 
bioeconomic model. The population dynamics of both species are described by age-
structured models, which exhibit in detail the economically significant age groups. The 
socially optimal solution is obtained numerically.  
 
Focus of the model is on the trap net fishery in Finnish coastal areas, because of all 
gear types the coastal trap nets are worst affected by seals (Lunneryd, Hemmingsson, 
Tärnlund & Fjälling 2005, 1; Kauppinen, Siira & Suuronen 2005, 107). Due to the 
migration routes of Tornionjoki salmon (fig. 1.2, p. 10), Finnish coast is of major 
importance to both species. We use year 2009 as the baseline for the simulation. Gulf 
of Finland is not taken into account, since it does not belong to the migration routes or 
the trap net fishery of river Tornionjoki salmon. The salmon stock in our model is river 
Tornionjoki stock, which has an important role in sustaining the Baltic salmon stock. In 
2009, approximately 30 % of the whole Baltic population came from river Tornionjoki 
(International Council for the Exploration of the Sea, later: ICES 2010, 42). This 
definition of salmon stock also defines area limitation on grey seal, which means that 
seals living in Gulf of Finland are not taken into account. 
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Figure 1.2. Fisheries and migration routes of the salmon stocks in the Northern Baltic 
Sea (Modified from Kulmala, Laukkanen & Michielsens 2008, 717). 
 
The thesis has the following structure. We begin with introducing the issue behind the 
conflict in section 2. The theoretical framework is described in section 3, with insights 
into existing research on seal – salmon interaction and human – wildlife conflict and 
their ecological and economic scientific context. The ecological details and population 
modeling are represented in section 4.  Section 5 deals with economic modeling, taking 
into account salmon fishery and the seal induced catch losses. It also contains the 
numerical analysis and sensitivity analysis. Section 6 covers the results of the 
bioeconomic model and discussion on the future research possibilities as well as 
conclusions. 
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2. Foundations and state of the seal-fishery conflict  
 
In order to better understand the current situation in seal – salmon social interactions, 
first we describe the changes in grey seal and salmon populations and their 
conservation. This is followed by a discussion on the current conflict between seal and 
coastal fishery.   
2.1. State of the grey seal and salmon population in the Baltic Sea 
2.1.1. Grey seal  
Human-wildlife conflicts have traditionally three kinds of management alternatives for 
the wildlife species. Eradication or culling, regulated harvesting and preservation are 
population management strategies which mirror society’s cost-benefit ratios and 
attitudes towards the animal species. (Treves et al. 2003, 1492.) All of these strategies 
have been implemented on seal-salmon conflict in the Baltic Sea. The first known 
alternative was eradication, when as many seals as possible were hunted, since they 
were considered a nuisance to fisheries. When considerable decline in grey seal 
population was discovered, preservation began followed by founding seal reserves. 
Regulated harvesting could begin, when the grey seal population had recovered. 
 
In the beginning of the 20th century the Baltic grey seal population size is estimated to 
have been 88 000 – 100 000 animals (fig. 2.1, page 12). Finnish data on seal by-catches 
gives support to the decline indicated in the population projection in fig. 2.1 (Harding 
& Härkönen 1999, 625). The seal population decreased abruptly in consequence of 
intense hunting increased by bounties paid for killing the seals. After the hunting had 
ceased the population kept on decreasing because of environmental toxin intake 
through prey.   
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Figure 2.1. Population projection of the grey seal in the Baltic during the 20th century. 
Curves indicate different rates of hunting losses. (Harding et al. 2007, 34.) 
 
Hunting combined with environmental toxin induced reproductive failure collapsed 
the Baltic population gradually to 3600-4000 animals in the late 1970s. (Bergman 1999, 
280; Harding et al. 1999, 619; Harding, Härkönen, Helander & Karlsson 2007, 35.) This 
historically lowest population level is seen as the minimum viable population size for 
grey seals. At worst almost half of the seal females suffered from the toxin-induced 
uterine occlusions, which in many cases led to lifelong sterility (Bergman 1999, 278). 
 
Historically seals were hunted for the seal oil, which was used to produce leather, soap 
and paint; also the meat was used as an important source of protein until 20th century. 
The skins of seal pups were valued, and their price was higher than that of adult seals. 
Long traditions in seal hunting and strong stress on the seal population can be seen 
from  the  old  tax  accounts  from  16th century. An impressive number of participants 
gathered to the seal hunt as 1000 men prepared for the long hunting trip, while the 
total number of the peasants in the area was only 1589. The amount of seal catch 
estimated from the tax accounts of that time shows that 15 000 seals were hunted 
every spring. (Ylimaunu 2000, 100.) 
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From  the  end  of  19th century hunting seals was no longer profitable since cheaper 
alternatives to seal oil were developed. In 20th century seals were mainly hunted 
because they were seen as competitors with fishers and the aim was to reduce the seal 
population. (Harding et al. 1999, 619.) During this period the hunting was by definition 
culling; removing seals to increase the amount of salmon available for fisheries. Most 
diverse culling methods were used. For example the nuisance seals were killed with 
poisoned baits attached to the fishing gear (Ylimaunu 2000, 325). To make seal culling 
effective and an attractive option, bounties were paid from 1889-1977 in Denmark, 
Finland and Sweden during varying periods of time.  
  
After the considerable decline in the Baltic grey seal population, public opinion began 
to change. Seal bounties were withdrawn 1967 in Sweden, 1975 in Finland and 1977 in 
Denmark. Hunting of seals was completely prohibited in the Baltic Sea in 1988, 
although some countries, e.g. Sweden, Finland and Soviet Union, had already enforced 
partial hunting bans earlier. (Halkka et al. 2006, 59; Harding et al. 1999, 619.)  Grey 
seal sanctuaries have been founded in the Baltic Sea. In 2005 the protected areas 
covered 23 660 ha coastal water and 120 ha land. (Helle et al. 2005, 82-84.) Finnish 
seal reserves cover 79 % of the total Baltic seal protection area (Statistics Finland 
2009). 
 
The controversial role of grey seals began again when hunting ban, enhanced 
environmental quality and the seal reserves gave rise to a strongly increasing grey seal 
population (Berghöfer et al. 2008, 181).  Also developed censuses helped in estimating 
the population size more accurately, so that estimation of seal population depended 
not only on fishermen’s observations. As seals spend most of their time underwater, it 
is very difficult to count the entire population. However, grey seals gather ashore in 
the springtime to form breeding colonies, from which seal individuals can be counted 
in flight and boat censuses (Thomas, Buckland, Newman & Harwood 2005, 24). In 2009 
20 400 grey seals were observed in the Baltic Sea – the population has doubled since 
year 2001 (figure 2.2, page 14) (FGFRI 2009 a). 
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Figure 2.2. Grey seals observed during counts on the entire Baltic Sea (blue) in 2000-
2009, the Finnish portion is marked in green (Finnish Game and Fisheries Research 
Institute, later FGFRI 2009 a). 
 
2.1.2 Atlantic salmon 
Atlantic salmon population has met similar difficulties as the grey seal population; 
human activity being the main factor in decrease of the population. The decline in 
salmon stock began a century ago, the stock reaching its’ lowest levels during 1970-
1980. The stock decline can be estimated from salmon catches data (Fig. 2.3).  
Diminished population is considered to be a result of damming rivers, decreased water 
and environmental quality and increased fishing effort.  
 
Figure 2.3. Total river catches in the River Tornionjoki. Comparison of a) the periods 
from 1600 to present and b) from 1974 to present. 2 (International council for the 
exploration of the sea (ICES) 2010, 105.) 
 
                                                        
2 Swedish catch data available from 1980 onwards. 
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After the 2nd World War salmon stocks were intensively harvested until 1980s when 
the Northern wild salmon population was already near extinction. In fact after 1950 
salmon stocks from two Finnish rivers - Pyhäjoki and Kiiminkijoki - became extinct. In 
addition to intense harvesting the Baltic salmon population has suffered from a 
syndrome called M74, which kills early stages of salmon fry, as well as from the 
damming of breeding rivers (Erkinaro, Mäki-Petäys, Juntunen, Romakkaniemi, 
Jokikokko, Ikonen & Huhmarniemi 2003, 1).  
 
M74 syndrome is poorly understood, what makes estimation of future mortality rates 
difficult. Even though the M74 related mortality rates have been low in recent years, 
considerable variation may still occur in future. (European Commission 2009, 8.) The 
factors causing the syndrome are not fully known, but the prey species of salmon seem 
to have an effect on the M74 occurrence through the thiamine and organochlorine 
intake. Low rates of thiamine and high rates of organochlorines in the prey species are 
observed to increase the probability of M74 mortality, however the results show some 
ambiguity. (Vuorinen, Parmanne, Vartiainen, Keinänen, Kiviranta, Kotovuori & Halling 
2002, 481 & 489.) 
 
Most of the rivers emptying into the Baltic Sea have been exploited in a way that 
prevents natural salmon reproduction behaviour. The damming and environmental 
pollution have distinct effects on the population. Pollution mainly affects the young 
stages of salmon, decreasing their survival through M74 syndrome, whereas damming 
affects the older fish by obstructing the spawning migration routes and changing the 
construction of spawning grounds. 
 
Hydroelectric power plants and other dams block 45 - 50 salmon spawning rivers 
leaving out only 13 rivers for wild salmon. For example in Finland there are only two 
rivers which maintain an original wild salmon stock and enable natural breeding 
behaviour. Hydropower companies release reared salmon smolts in compensation for 
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the impaired natural reproduction caused by their economic activity. (Romakkaniemi 
et al. 2003, 329-330.)  
 
The power plants’ effect on salmon is a classical example of an externality. Society 
benefits from hydropower production, at the same time attributing a value to salmon 
(Håkansson, Kriström, Johansson, Leonardsson & Lundqvist 2004, 1). Salmon stock is 
affected by the hydropower activity, which produces a negative externality suffered by 
both commercial and recreational fishery and other stake holders valuing the salmon 
stock. Thus the obligatory release of reared salmon works as a compensation for the 
negative effect of hydropower companies. 
 
Salmon stock management is a long-term tradition in the Baltic area. The first 
evidences of  attempts to manage the fishery date back to 11th or 12th century, when 
there was already regional sharing of the fishing grounds by Sweden and Novgorod. 
Catholic Church has also contributed to salmon fisheries by collecting taxes on catches 
during medieval times. In addition to taxes and fishing area restrictions also 
restrictions on the number of gears were used in these early times. (Vilkuna 1974 in 
Christensen, Eriksson & Ikonen 1994, 32.) 
 
International salmon conservation regulation in the Baltic region has been established 
first in 1960s for helping salmon stock recovery. Regulation agreements include 
restrictions on gear and catch sizes as well as a total closure of offshore drift netting 
fishery throughout the year and longlining fishery during summer months. Alongside 
with these regulations are national regulations including partial closure of fisheries and 
specific gear restrictions e.g. angling restriction in Sweden. (Romakkaniemi et al. 2003, 
332.) 
 
In 1997 International Baltic Sea Fishery Commission (IBSFC) initiated the Salmon Action 
Plan, which introduced a long-term management plan for the Baltic salmon stock. Its 
goal is to reinforce salmon stocks and to reintroduce salmon into rivers where natural 
breeding would be possible. (Erkinaro et al. 2003, 1.)  After implementing the plan, the 
17 
 
total wild salmon smolt production has increased fourfold, yet the post-smolt survival 
has remained low in the recent years. Low post-smolt survival means that feeding and 
breeding salmon stock is only slowly growing. (ICES 2008, 14.) As IBSFC ceased to exist 
in 2005, European Commission took IBSFC’s role in managing the Baltic salmon 
population with measures such as setting the annual total allowable catch (TAC) 
quotas and gear restrictions.  
 
2.2. Conflicting interests 
2.2.1. Fisheries  
The coastal areas of Finland have long since relied on small scale fishing with fixed gear 
such as trap nets. Coastal fisheries provide employment and services in areas, in which 
employment possibilities are otherwise restricted. Long traditions in coastal fisheries 
are an essential part of the culture in western Finland. The focus of this study is on trap 
net fishery, although salmon is harvested with other fishing gear as well. Gill nets, gill 
net  traps and longlines are used aside trap nets.  The share of  catch is  however fairly  
low for other than trap net fisheries (FGFRI 2010 b, 24; Fig 2.4).   
 
 
Fig 2.4. Salmon catch in commercial marine fishery by fishing method in 2009 (Data 
from FGFRI 2010 b, 16). 
 
Harvesting of wild salmon includes both commercial and recreational fishing. In marine 
areas the main use of the salmon stock is commercial fishing, whereas in the spawning 
rivers the main activity is recreational fishing (Olaussen et al. 2008, 273). Commercial 
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and recreational fisheries not only differ spatially but also characteristically. Generally 
speaking, the recreational fishery is characterized by high effort and low catchability 
whereas commercial fishery uses low effort for high catchability. (Cooke et al. 2006, 
94.) The scope of this study takes into account only commercial fishing.  
 
The Finnish fishing sector has experienced a strong structural change since three 
decades, which has resulted in decreasing numbers of professional fishermen. The two 
most  important  factors  in  the  transition  of  coastal  fishing  are  the  growing  grey  seal  
population and the fishing restrictions. As mentioned in the previous chapter, the 
fishing restrictions are implemented in order to protect the salmon stock. The market 
price decrease of landed salmon, originating from competition with the imported 
Norwegian salmon and the farmed salmonids, can also explain the trend of fishing 
effort (fig. 2.5) (Nylander, E. personal communication 7.12.2010).  
 
 
Figure 2.5. Commercial coastal trap net fishing effort expressed in geardays from 
1985 to 2009 (Data from H. Pulkkinen, personal communication 11.6.2010). 
 
It has been expected that coastal fisheries will increasingly dominate the Finnish 
fishing sector, since the offshore drift net fishing has been banned. This expectation is 
confronted by the fact that offshore longlining seems to have been replaced the effort 
formerly used in drift netting. After the drift net ban during year 2009, the longlining 
effort has more than doubled compared to year 2008 (ICES 2010, 10 & 32). 
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Fishermen and seals are competing for the same resource, and the growing seal 
population has resulted in expanding competition. Fishermen are increasingly 
dissatisfied with the situation. A survey conducted in Finland regarding the fishermen’s 
opinions on the seal reserves reveals the dissatisfaction. 64 % of the interviewees 
thought  that  the  seal  reserves  had  an  effect  on  their  livelihood.  Almost  half  of  the  
interviewees were ready to abolish the seal reserve. (Salmi & Salmi 2006, 7 & 11.)  
 
The growing grey seal population affects fisheries in many ways. Hemmingsson, Fjälling 
and Lunneryd (2008,357) list the various impacts of seals on fisheries. Damaged, lost 
and reduced salmon catch torment the trap net fisheries, which are affected by seals.  
The fishing gear can be damaged and tangled in case of seal visit, which in turn result 
in shortened life span of gear, and a need for more expensive gear materials to be 
used.  The  fishing  itself  is  also  affected  by  seals.  Frequent  seal  visits  to  the  gear  may  
mean that the best fishing spots are abandoned and the gear have to be lifted and 
emptied more often in order to avoid catch losses. More frequent liftings result in 
increased operational costs. Fishermen have to also deal with the difficult handling of 
by-caught seals drowned or trapped in the gear. 
 
Fishermen have reported seal-induced salmon catch damage at the worst 30 – 60 % of 
the  total  catch.  Trap  net  gear  damages  occur  at  2  -  15  %  of  the  emptying,  although  
some studies show figures as high as 50 % gear damages per emptying. (Kauppinen et 
al. 2005, 99; Suuronen et al. 2006, 129; Kreivi, Siira, Ikonen, Suuronen, Helle, Riikonen 
& Lehtonen 2002, 10.) The figures are highly variable, and they depend on region and 
time of year. Sometimes the negative effects caused by seals are barely detectable but 
sometimes they involve complete catch loss and permanent gear damage. Fish 
entangled in the trap nets attract seals, thus increasing losses to fishery. (Kauppinen et 
al. 2005, 99 & 104. 
 
The estimations of seal induced losses to the fishery are usually based on observed 
catch and gear damage. Gear damages are easy to observe, therefore the figures are 
also accurate. In case of catch damage, observed damage is only a part of the actual 
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damage. Seals can either eat the whole fish, or the remains can sink down to the sea 
bed. Fish can also escape through the holes made by seals or be frightened away from 
the gear by seals. According to Fjälling’s study (2007, 1633) the method of observed 
catch losses underestimates the losses by 37 - 46 %. Fjälling introduces a method of 
day-pairs in which catches on days with and without seal visits to the gear are 
compared (Fjälling 2007, 1634). 
 
ICES lists seal damages as the most important cause of salmon discard (Table 2.1) in its 
annual Baltic salmon assessment report (ICES 2009, 10). Figures on table 2.1 do not 
show dependency of growing seal numbers and catch losses, instead it seems that with 
growing population the catch losses decrease. The trap net effort has however 
decreased which of course results in smaller catch losses even though seal population 
has grown at the same time.  
 
Table 2.1. Seal induced catch losses during 2001-2008 in ICES fishing areas 22-31  (T. 
Pakarinen, personal communication, 26.2.2010). 
 
Year 2001 2002 2003 2004 2005 2006 2007
Number of salmon 8620 8364 9479 8389 9156 5529 6345
Weight in tons 43 42 43 45 48 30 32
Trap net days 27 776 28 030 32 574 23 575 23 331 18 295 20 518
 
The situation is hard for fishers and as a result to this some fishers have entirely quit 
the commercial fishing. It is however unclear if the quitting is a direct result of seal-
induced losses. According to the Finnish survey, only 3 out of 14 former fishermen 
reported seals as the main reason for quitting. (Salmi et al. 2006, 5.) In Finland the 
fishermen have called for the government to take action, and as a result the seal 
hunting ban was cancelled in 1997 to be replaced by regulated hunting. Hunting is 
conducted according to the Habitats Directive, which requires e.g. hunting quotas, 
reporting of the kills and protecting breeding. (Similä, Thum, Ring & Varjopuro 2006, 
437.) In addition to hunting the Finnish government has issued a compensation 
scheme for the seal induced damages in fisheries. 
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If at least 30 % of annual income comes from fishing, the fisher is defined as a 
professional fisherman. The definition has an important implication as the seal 
compensations are only granted to professional fishermen. The commercial fishers will 
receive compensation if they act upon the management plan for the Finnish seal 
populations and if they make a plan to avoid seal-induced damages and by-catch of 
seals. (MoAF 2010, 1 & 3.) 
 
Finnish commercial fishery has been assigned to use at most 10 million € 
compensation for seal-induced damages in fisheries during years 2007-2013. In 
Finland, around 730 000 € will be spent on compensations for Northern Baltic trap net 
fishery yearly,  if  it  is  assumed that  60 %3 of the yearly compensation goes to salmon 
trap net fisheries. (MoAF 2010.) Also in Sweden compensations are paid, in 2009 
Swedish environmental protection agency has dealt out 2.88 million €4 (29.5 million 
SEK) to fishermen (Sälar och fiske 2009). After year 2013 the compensations are not to 
be paid anymore in Finland and it is assumed that the Baltic fishery would move 
towards fishing techniques that allow sustainable coexistence of seals and salmon.  
 
The compensations indicate on one hand the economic losses suffered by the fishery 
sector and on the other hand the willingness of government to pay for keeping the 
fisheries viable. The compensations can be compared to the profits of fishing; in 
Finland, the whole commercial sea fishery yielded profits of 23.1 million € in 2008 
(FGFRI 2009 d, 9). 
 
2.2.2. Ecosystem conservation 
 
Fishermen usually promote hunting as the solution to the seal-fishery conflict (FGFRI 
2006, 14). Seal hunting however raises strong opposition, which violates the feasibility 
                                                        
3 Detailed data on the seal compensations is not available. We estimate the proportion of 
compensations paid to salmon trap net fishery on the basis of the proportion of salmon trap net profits. 
(FGFRI 2010 b.) Profits are counted for our area of interest, thus leaving out profits from Gulf of Finland.    
 
4 Euro exchange rate 2009, Swedish krona 10.2320 (Bank of Finland 2010). 
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of such a management scheme. In addition to the public opposition, there are not 
many people interested in the difficult and dangerous seal hunting (Suomen 
Ammattikalastajaliitto ry 2009, 6). The seal hunting quotas are not easy to fulfill (fig. 
2.6 a), which makes the hunting scheme inefficient in managing the seal-fishery 
conflict.   
 
Seal hunting quotas have been increasing continuously in Finland after reintroduction 
of seal hunting in 1997. In Sweden the quotas have remained in almost constant level 
from year to year. In 2009 the seal hunting quota in Finland was 1050 seals and in 
Åland 450 seals (FGFRI 2009 b). The quota is ten times higher than a decade ago, even 
though the seal population has only doubled during this time (Fig. 2.6 a & b, p. 22 & 
23). However, traditional seal hunting is so difficult and dangerous that the hunting 
quotas are hardly ever reached (Storm et al. 2007, 5 & 29). The actual seal hunt covers 
at most half of the quotas (Fig. 2.6 a & b, p. 22 & 23) for example in 2008 the quota 
was 685 grey seals and the actual catch was 360 seals (Hunter’s Central Organization & 
FGFRI). The seal hunting period begins in April and ends in December, leaving out the 
time when seals are most vulnerable to hunting during  
 
 
Figure 2.6. a) Grey seal hunting in the Finnish coast (Data from MoAF 2009, MoAF 
2007, 38., Hunter’s Central Organization & FGFRI). 
 
Although the seal population has increased, the wildlife conservationists still regard 
the population as vulnerable to external shock (Storm, Routti, Nyman & Kunnasranta 
2007, 15). The size of present grey seal population is said to be far smaller than the 
actual environmental carrying capacity. The carrying capacity in the Baltic Sea is 
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defined by the largest estimated population size; 100 000 seals.  Minimum population 
size is 3600 seals, which is a population estimate from the year 1975 (Harding et al. 
1999, 624). 
 
Figure 3.6. b) Abundance and hunting of grey seals in Åland (Landskapsregering 
2009).  
 
Risk analysis of Baltic seal hunting (Kokko, Lindström & Ranta 1997) suggests that the 
hunting policy should be extremely cautious. Effects of too intense hunting might not 
be observed in time due to inaccurate censuses and the overall complexity of seal 
population dynamics. Bosetti and Pearce (2003) state, that culling should take place 
only in the most extreme cases of nuisance seals. However, in case of culling seals, 
other species may take the seal’s place in the food chains. For example seabirds can 
also eat fish from the gear, thus culling may not be the ultimate answer to the 
problem.  
 
Stenman (2007, 8) asserts that the Baltic grey seal population does not endure the 
hunting of fertile females, calling for stricter regulation on hunting and also co-
operation of Finnish and Swedish authorities on the issue. The study shows that if the 
aim of hunting is to diminish the seal number but to keep the standard population 
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structure, a hunting regime which concentrates on immature individuals is needed 
(Stenman 2007, 1).  
 
World wildlife fund (WWF) in Finland demands for cautious regime in seal hunting. 
Although the population has been increasing in northern part of Baltic Sea, the 
population has not been able to spread out to southern parts of the sea. According to 
WWF, the most significant threats to seal population are hunting, climate change, and 
the general state of the Baltic Sea meaning for example eutrophication and toxins. 
Hunting regime should be based on risk analysis so that a population collapse caused 
by hunting could be avoided in the future. (WWF 2009a.) According to WWF’s 
statement to Finnish Ministry of agriculture and forestry, the present hunting quotas 
threat the favourable conservation status of the grey seal population. It is also stated 
that setting hunting quotas contradicts the fact that fishers are compensated for the 
seal induced damages. (WWF 2009b.)  
 
The extent of catch and gear damage follows a regional pattern, so that the chosen 
fishing area affects the probability of seal-induced damage (Kauppinen et al. 2005, 99). 
The regional pattern of damages has an interesting historical implication. Regional 
variation in seal density and the resulting damages was a self-evident fact some 
hundred years ago, and fishermen knew where to lay the salmon traps in order to 
avoid seal induced damages. In the mid of 20th century fishermen were able to ignore 
the seals, since the seal population had diminished dramatically. Because seals were 
absent, new fishing grounds could be used regardless of seals. (Varjopuro & Kettunen 
2008, 175.)  
 
As the seal population has grown during the past few decades, fishermen should again 
adopt the former strategy of avoiding the areas with ample seal colonies in order to 
prevent the damages. This change will not be easy, since fishermen perceive the 
extended fishing areas as theirs’ without seeing that actually seals were the first to 
feed on these areas. Through this perception the number of seals is easily regarded as 
too high, and the pressure on seal hunting will prevail.  
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2.3. A solution – seal safe fishing gear 
 
In addition to hunting, which seems to be an infeasible and inefficient option to keep 
the seal-fishery conflict manageable, there are ways to prevent seal-induced catch and 
gear damages in a nonlethal way. Seals can be kept away from the salmon catch by 
choosing seal-safe gear designs. The structure of a traditional trap net enables grey 
seals to enter the fish bag and eat the fish caught in the gear (fig. 2.7). Seals can also 
easily make holes in the gear. (Varjopuro & Salmi 2006, 65.) For example netting 
material, gear modification and acoustic harassment devices can keep the curious seal 
individuals away.  
 
Figure 2.7. A traditional trap-net. A long, large-meshed leader net leads fish into the 
wings. Wings guide the fish onwards to the inner parts of the trap. Fish swim through 
middle chambers and into the fish-bag. (Kauppinen et al. 2005, 102.) 
 
The traditional trap net design was made for an environment where seals were not 
numerous. As an adaption to the new situation where seals and fishermen compete 
for the same resource a new trap net model has been designed in Sweden. The new 
trap net (fig 2.8, page 26) - called push-up or pontoon trap net - prevents seals 
effectively from entering the gear compared to the traditional model. The push-up 
design is also easy to use for fishermen, since it has inflatable pontoons that are used 
for emptying the fish bag.  
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Figure 2.8. A seal-safe push-up trap net (Fiskeriverket 2009). 
 
According to studies made on the different trap net types, push-up trap net does not 
seem to lose its’ fish catching efficiency although it manages to keep the seals away. 
Suuronen et  al.  (2006, 133) suggest that the push-up model succeed as well as the 
traditional models in catching fish, whereas Hemmingsson et al. (2010, 358) state that 
it succeeds even better than the traditional model. 
 
The only flaw of the new trap net seems to be its price, which can be double the price 
of traditional trap net (Varjopuro & Salmi 2006, 75). In 2007 the purchase price of a 
push-up trap net was 7500 €, for which in Finland it is possible to apply for a 
investment subsidy that covers 15 % of the costs (MoAF 2010, 4). The Environmental 
Protection Agency has officially approved the push-up trap net as a seal-safe gear in 
Sweden since 2001 (Hemmingsson et al. 2008, 358 & 359). 
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3. Theoretical framework of renewable resource management 
 
This chapter is a presentation of the characteristics and management strategies of 
renewable resources when successful species conservation is present. Resource 
economics covers the allocation of scarce natural resources over time. Sections 3.1., 
3.2., and 3.3. are based on Clark (1990) if not otherwise indicated.  
 
3.1. Renewable resources: Fish stock management 
 
Basically the management of renewable resources deals with the question: How much 
of a resource stock should be harvested today and how much should be left for 
tomorrow? In case of renewable resources the biological characteristics as well as the 
shocks from outside affect the stock available for extraction. From biological point of 
view harvest can be seen as a shock coming from outside and it affects both ecological 
and economic state of the resource stock.  
 
A fisheries manager faces the following question: How to use the fish resource in order 
to maximize the present and future benefits from harvest whilst keeping the fish stock 
viable and productive? The fisheries manager is a social planner who seeks to 
maximize the net social benefits of the society. Bioeconomic modeling is a good and 
practical foundation to management decision, since it comprehensively combines the 
two  objectives  of  sustainable  ecological  state  and  the  society’s  welfare  in  economic  
terms. Throughout the study we will hold the view of a resource manager, who tries to 
merge the goals expressed by society in a best possible way.   
 
Why then do we need to combine knowledge on ecology and economy? The concept 
of maximum sustainable yield (MSY) has long since reined the renewable resource 
management schemes, and it gives emphasis to the biological optimum (Clark 1990, 1; 
Haddon 2001, 33; Hilborn & Walters 1992, 10). MSY concept is based on the notion 
that the surplus biological growth of resource stock can be harvested without changing 
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the stock level, so the surplus stock production equals sustainable yield. If not 
harvested, the stock approaches its environmental carrying capacity, where the 
growth rate diminishes to zero. When MSY has been taken as an objective of resource 
management it has many times resulted in dramatic boom in the capacity of fishing 
fleets, what in turn has added even more pressure on the resource stock, thus actually 
working against the objective of sustainable resource use. 
 
The concept of MSY fails to provide adequate biological or socioeconomic content in 
order to be an optimal objective of management. In biological terms it is too simplistic 
as it does not cover the harvest of ecologically interconnected species; neither does it 
have the capacity to deal with the sudden and large variations in harvested species’ 
population. Furthermore, the economic content is notably flawed, since the concept 
only superficially succeeds to touch the benefit side of resource use, ignoring the cost 
side altogether. The fundamental error in the use of MSY concept seems to be that it 
has been taken as an objective of management rather than simply a constraint for it.  
 
Resource economics provides a tool for resource manager to help choose the best 
harvest schedule among many possible schedules. Different harvest decisions imply 
different results in future resource dynamics and flow of benefits. Bioeconomics can 
employ an objective of cost-benefit criterion in maximizing the present value of net 
benefits with respect to harvest scheme. This criterion can be used by both private and 
public actors, although the definition of costs and benefits may be different for each 
actor. Private actors are usually interested in merely internalized costs and benefits, 
whereas public actors also look at social and external costs and benefits.    
 
Another distinct feature of renewable resource use is that the resource stock is seen as 
a capital asset, what cannot be neglected in management measures. The famous 
theorem of resource economics on exhaustible resources - the Hotelling rule - implies 
that the resource owner expects to get dividends from the resource use at a normal 
rate of  return.  If  this  is  not  the case,  the resource owner would try  to get  rid of  the 
asset, which in this case would mean that the stock be harvested extinct. If alternative 
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investments create higher payoffs, there is little motivation to preserve the current 
resource stock.      
 
Fisheries exhibit characteristics of an open-access resource, when not regulated. This 
means that the unregulated resource is accessible for every nation or firm; anyone can 
exploit the fish stock. H. S. Gordon (1954) has developed the economic theory of open-
access resources. His contribution is perhaps even more important in fisheries than the 
Hotelling rule, because most fish stocks do not exhibit well defined property rights. 
Gordon’s theory suggests a bionomic equilibrium for open-access resources. This 
equilibrium is found at a stock level, where the flow of revenues exactly equals the 
costs of harvesting. 
 
In an open-access situation the survival of the fish stock can be easily threatened, since 
the harvesting under open-access is more intense than in a profit-maximizing situation. 
Increasing demand of fish and technological development improving fishing efficiency 
can result in even more intense exploitation. Theoretically open-access harvesting can 
be compared to a limiting case of private optimal management, where the discount 
rate grows infinitely high.  
 
Nobody owns the fish stocks, so the profit gained from them can be thought of as an 
economic rent, which is the difference between total revenue and total cost from 
harvesting. This is the view adopted in the classical fisheries economics literature. 
Creating resource rent can be seen as the goal of fisheries management while 
maintaining the stock sustainability. In open access resource rent is not created and 
over-exploitation of resource will occur. However, Clark (1990, 7) stresses that the 
criterion of maximizing sustained economic rent is not a fit objective for resource 
management, since it fails to reckon with the opportunity cost of capital. Zero 
discounting is practically impossible if sustainable fisheries management is desired. 
 
It is worth noting that renewable resource is not an absolute definition as the resource 
can become non-renewable if badly depleted. The growth potential of renewable 
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resource can only realize under favourable conditions – if the population size goes 
below the minimum viable population size, there is a strong probability of extinction. 
As Thomas (1990, 327) points out, it is usually a lot easier and cheaper to prevent a 
large population from becoming small than to prevent a small population from 
becoming extinct.  
 
Choosing the fishing effort plays a major role in defining the profitability of fishing. 
Effort should be chosen effectively, so that one could avoid both excess and deficiency 
of capacity. The amount of fishing equipment (vessels and gear) determines the 
maximum effort a fisher can utilize. Considering a sole owner of fishery; if fishing 
capacity is large, the resource can be depleted fast, while profits are abundant at first. 
However, as the resource gets scarcer, excess capacity may result. A fisher may also 
choose smaller equipment which may result in small initial profits but large long-term 
profits. 
 
Salmon stock sizes in relation to management measures have been studied by 
Romakkaniemi, Perä, Karlsson, Jutila, Carlsson & Pakarinen (2003). According to the 
results, relative importance of management in open seas as well as coastal marine 
areas was significant. Haapasaari, Michielsens, Karjalainen, Reinikainen and Kuikka 
(2007) have studied the effect of fishers’ commitment to sustainable salmon 
harvesting objectives in the Baltic Sea. Commitment of the fishermen is crucial in order 
to ascertain the outcome of the management measure.   
 
The maintenance of genetic diversity is one of the goals in fisheries management and 
stock conservation. This is however not the easiest goal to be reached, as the use of 
resource can apparently override the purely environmental goals. Koljonen (2001) 
points out that harvesting Baltic salmon should be allowed not until a viable self-
maintaining salmon stock exists. She also argues that the hatchery stocks express 
lower genetic diversity than the wild stocks, implying again that self-maintaining stock 
is crucial to the survival of salmon. 
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3.2. Population projection as the constraint of optimization 
 
The catch of fishermen is dependent on the size of fish stock. A productive fish stock is 
a vital condition for the continuity of fishing. The currently available fish stock serves 
as a constraint for the fishing activity, as it defines the present and future profits. In 
our  study  the  social  planner  faces  a  special  case  of  managing  the  salmon  stock  in  
presence of grey seal population. We may consider the salmon catch losses as a 
negative externality caused by the seal conservation policy. Here the social benefits of 
grey seal are not considered since valuation studies on the subject do not exist. 
 
Regarding biological features of population, it is rather usual to use very simplistic 
population models in resource economic studies. As it is known that both commercial 
value and reproductive success vary according to age, the lumped parameter biomass 
models  do  not  describe  the  population  dynamics  in  a  realistic  manner.  (Clark  1990,  
267.) Lumped parameter models take the population as a homogenous entity, which 
can be described with a variable of biomass. In this category the discrete time Ricker 
model  and  continuous  time  Schaefer  model  are  most  commonly  used.  (Reed  1980,  
579.) 
 
In addition to lumped parameter models, also a model acknowledging the growth and 
natural mortality of animals can be used. The so called cohort model adds some 
realism, but fails to recognise the link between earlier population size and the new 
recruited cohort. The recruitment is treated as a constant or random variable, thus 
assuming that recruitment is independent of the parental stock. Beverton and Holt  
(1957) have made big efforts in developing the principle cohort model.  
 
The population dynamics can also be described in terms of different age groups. This 
approach is called age-structured modeling, which enables the variability among 
different  age  groups.  This  gives  the  opportunity  to  examine  the  varying  traits  of  for  
example reproduction rate. With the help of age structured model we can answer such 
questions as “Which is the most significant age group in terms of reproduction and the 
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viability of the population?” or “Which age group should be harvested in order to keep 
the population size low or high?”. 
 
The advantage of using an age-structured model is that the development of certain 
age-classes can be distinguished. Especially when the population expresses a lag 
between juvenile stages and sexual maturity, an age-classed simulation enables to 
specify the time delays in population development. For example strong year classes 
can be spotted and their influence on the future population development can be seen. 
(Haddon 2001, 329.) 
 
Tahvonen (2008) has made a comparison between age-structured and lumped 
parameter models in fisheries. He states that economists do not generally find age-
structured models relevant enough to increase the model complexity accordingly. 
However, when observing the trade-offs between present and future harvesting, an 
age-structured model brings further information of the harvesting possibilities. When 
using surplus production models, recruitment over-fishing may occur resulting in 
decreasing catches in the future. This is because current population age structure 
defines the future population and harvesting. 
 
In  multiple  species  modeling,  the  need  of  information  is  large.  According  to  Flaaten  
and Stollery (1996, 77) we need full information on at least the following three areas: 
 
1. Prey species population dynamics in case of no predation 
2. The effect of predation on the prey species population dynamics 
3. Predator species population dynamics with and without the prey species  
 
If  all  interactions  of  a  marine  ecosystem  with  all  its’  stochastics  and  environmental  
factors were considered, modeling would be extremely costly and difficult. However, 
in economic modeling it is possible to take into account only the species and factors, 
which are of economic importance. (Flaaten et al. 1996, 77.) In our study this means 
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for example that we only consider the direct economic interaction, leaving out the 
biological interaction of this two species system.  
 
Atlantic salmon  
In the Baltic Sea a good source of current information on the Atlantic salmon stock is 
the yearly ICES reports provided by the Baltic salmon and trout assessment working 
group. Our salmon stock projection data is mainly based on the ICES report (2010).   
 
A good overview on the ecology and evolution of the Atlantic salmon is provided by 
Fleming (1996). This paper contains a thorough description of salmon’s unique 
reproductive strategy. Salmon’s breeding success and reproductive system is further 
discussed in Fleming (1998). 
 
The fish stock assessment can be carried out in many ways, for example by using fish 
tagging to gather data on fish stocks. Mäntyniemi & Romakkaniemi (2002) have 
constructed Atlantic salmon smolt production model based on mark-recapture data 
taking into account stochastics of the system through using Bayesin approach. 
Michielsens, McAllister, Kuikka, Pakarinen, Karlsson, Romakkaniemi, Perä and 
Mäntyniemi (2006) have applied a mark-recapture model in a Bayesian framework in 
order to estimate the harvest rates of salmon in the Baltic Sea. A hierarchical analysis 
approach for fisheries stock assessment has been conducted by Michielsens and 
McAllister (2004) with stock-recruit functions. In the analysis Beverton-Holt and Ricker 
stock-recruit functions are compared using Bayesian approach.   
 
Lundqvist, Rivinoja, Leonardsson and McKinnell (2008) have depicted a salmon 
population model using Leslie matrix approach in studying the migrating salmon in 
regulated rivers. The upstream migration problems resulted in salmon abandoning the 
spawning migration in most cases.  
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Grey seal  
Many studies on grey seals populations are made in Great Britain. Fortunately also 
Baltic grey seals have been studied. Most of the Baltic studies are Swedish or Finnish 
using usually at least some data of the British populations, since all data of the Baltic 
population is not yet at hand. Harding et al. (1999) have made a retrospective analysis 
on the development of the Baltic grey seal population during the 20th century. Harding 
et al. (2007) have made a population assessment study utilizing an age-structured 
Leslie population matrix with 46 age groups.  Also other population models have been 
made using Leslie matrix but they deal with the North Atlantic seal populations. 
 
Health condition of Baltic grey seal indicates the viability of the population. Bergman 
(1999) has studied grey seal’s gynecological health showing that viability of the 
population has strengthened while traces of toxins still affect reproduction success. 
Harding et al. (2007) population assessment study includes an assessment of the 
population’s viability and extinction risk in the presence of hunting. 
 
Grey seal’s diet composition is of great interest when considering different 
management strategies – are only few creative individuals or the whole seal 
population feeding on salmon stock and how big is the share of salmon in seal’s diet? 
Seal diet has been studied little, although salmon’s share of grey seal diet has been 
long debated. Conventional techniques implied that only a minor part of grey seal diet 
consists of salmonid species. This is supported by a molecular DNA based study 
conducted  by  Armstrong  et  al.  (2008).  The  study  shows  that  only  10  %  of  the  diet  is  
salmonid prey, which means that only a fraction of this is salmon.   
 
Regional and temporal variation in the diet is seen in many studies (e.g. Lundström, 
Hjerne, Lunneryd & Karlsson 2010; Bowen & Harrison 1994; Hammond, Hall & Prime 
1994;  Armstrong  et  al.  2008).  A  study  concerning  Canadian  grey  seal  populations  
indicates that Atlantic salmon covers only 1.1 % of grey seal diet (Hammill & Stenson 
2000, 22).  The Canadian study is in line with an unfinished study which shows that 
3.5 % of the studied Baltic grey seals had eaten salmon or trout. Only 1-2 % of the grey 
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seal diet consists of salmon, whereas the main source of food is herring (Stenman & 
Pöyhönen 2005, 53). 
 
3.3. Human-wildlife conflict management 
 
A special case of externality can occur from successful species conservation.  As the 
population of the conserved wildlife species begins to increase, also its interaction with 
the environment becomes stronger. The wildlife species may cause increasing trouble 
to the people using the same resources, and the trouble may reach such an extent that 
a conflict arises between wildlife and human. Human-wildlife conflicts are often in 
essence conflicts between people with diverging wildlife management objectives 
(Marshall,  White  &  Fischer  2007,  3129).  The  chosen  wildlife  management  objective  
interacts with the resource users, thus the conservationists, or society in general, 
impose a negative externality on the resource users through the increasing wildlife 
population. The wildlife population has an impact on the resource users’ welfare.  
 
The conflict between wildlife species and human use of economically valued resource 
can be seen in many parts of the world with various examples ranging from exotic 
tigers, jaguars, elephants and prairie dogs to cormorants and seals in the Baltic Sea.   
Some human-wildlife conflicts include losses in terms of human lives. This is not the 
case in our study, since the conflict is confined to the economic losses on fisheries 
caused by seals. So the seal-fishery conflict deals with the livelihood of the coastal 
fisheries rather than with threatened human safety, which makes the conflict most 
probably easier to solve. Management strategies of conflicting species have been 
studied from an ecological point of view by e.g. Treves et al. (2003) and Graham, 
Beckerman and Thirgood (2005). From society’s point of view the conflict has been 
analyzed by for example Sava et al. (2007) and Rauschmayer, Wittmer & Berghöfer 
(2007). 
 
Nyhus, Osofsky, Ferraro, Madden and Fischer (in Woodroffe, Thirgood & Rabinowitz 
2005, 107) state that the risk of wildlife damage to resources creates incentives to kill 
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wildlife and to degrade the quality or quantity of wildlife habitat. Conservationists 
have found that the conservation costs of the high profile carnivore wildlife species are 
often borne by people who compete for the same resource with wildlife. The benefits 
from conservation spread out to society in general, while the costs are acute and 
locally borne (Walpole & Thouless in Woodroffe et al. 2005, 122). A common response 
to this disparity can be introducing a compensation scheme for those who suffer from 
wildlife damages. Through implementation of a compensation scheme, the negative 
externality imposed by species conservation can be internalized to the markets. 
 
Compensation scheme reimburses the damages caused by wildlife to those who bear 
the costs of co-existence. It is a form of economic incentive, which encourages socially 
optimal behaviour. The amount of compensation can vary from fair market value to 
only a part of the damages suffered. Usually it is strictly defined, which species are 
targeted  by  the  compensation  scheme  and  who  are  eligible  for  it.  The  need  for  
compensation schemes have recently usually arisen after successful conservation 
efforts have increased the wildlife population. (Nyhus et al. in Woodroffe et al. 2005, 
108.)  
 
When carried out effectively, a compensation scheme can bring about positive effects. 
It is a management method, which thrives on the political feasibility caused by non-
lethal action and the shifting of economic responsibility to a broader public. The 
feasibility can be ensured by participatory approach in which all the stakeholders are 
heard. The scheme may help conservation education to succeed as well as enable 
reflecting upon how to prevent the conflict. In presence of compensations, revenge 
killings may become more unlikely. (Nyhus et al. in Woodroffe et al. 2005, 110.) 
 
The effective implementation of a compensation scheme can be flawed by the 
problem of imperfect information, which leads to an incentive to exaggerate the 
damage costs in order to get greater income (Schwerdtner & Gruber 2007, 356). Those 
responsible for compensations payments must verify the wildlife damages in a reliable 
way, estimate their costs, and deliver the compensation payments quickly and 
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effectively. A problem of under-compensation may occur when unverified losses are 
present. 
 
Nyhus, Fischer, Madden and Osofsky (2003, 39) argue that implementing a 
compensation scheme may result in less risk-averse behaviour. In presence of 
compensations, the resource users may do less to prevent the damages from 
happening, thus taking advantage of the situation and receiving high compensations. 
This free-rider problem can be avoided with a scheme bound to certain rules, for 
example rules on adopting new technologies.   
 
There exist not many references to the damage compensation schemes and their 
economic implications regarding human-wildlife conflict. Schwerdtner et al. (2007) 
investigate the transaction costs of damage compensation schemes. They categorize 
the cost structure of the schemes and address also the timing of payment. They 
suggest that spatial and temporal distribution of the damages be taken into account 
and the transaction costs of the scheme estimated before implementing it.  
 
Rondeau and Bulte (2007) have studied the economic consequences of a 
compensation scheme. They found that in an open-access situation welfare losses and 
a reduction in the wildlife population occur when compensations are paid. These 
unwanted effects can however be avoided, if receiving the compensation requires 
conservation actions, together with restrictions on the resource stock use. In the Baltic 
case, these requirements are qualified, since fishermen have to participate in the seal 
conservation  scheme  and  the  salmon  catches  are  restricted  by  the  total  allowable  
catches. 
 
3.4. Seal – salmon interaction 
Present study brings new applications to multi-species modeling in the field of 
resource economics as it is concentrated on the seal – salmon conflict on its economic 
grounds. In this section we go through the literature on the issue.  
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The conflict between seals and fisheries can be found around the world. Wada, 
Hayama, Nakaoka and Uno (1991) have studied the interaction between Kuril seals and 
salmon trap net fishery in the coast of Hokkaido. It was found that seal induced 
damages were regionally concentrated. In the worst affected areas the seals damaged 
1.7 – 4.7 %. It was also noticed that not all seals entering the fishing gear drowned. 
 
Marine economic research has been mainly focused on extractive use of resources. 
There are some studies on seal-salmon interactions, but their focus is either on fishing 
gear and seal-induced damages or on salmon management. To the best of our 
knowledge no bioeconomic studies with the Baltic grey seal and salmon interaction 
have been published. One bioeconomic study of seal-fishery conflict has been made by 
Boncoeur, Alban, Guyader & Thébaud (2002). It is however done on a very general 
level with arbitrary parameter values and unspecified species cited “fish” and “seal”.  
 
Seal-induced damages on fisheries in the Baltic have been estimated by Fjälling (2007) 
and Kauppinen, Siira & Suuronen (2004). Kauppinen et al. studied temporal and 
regional patterns in the damages and Fjälling emphasized the hidden losses of fishery 
caused by seals. Seal-safe fishing gear has been studied in depth, since developing 
seal-safe gear is likely to have economic implication on the fisheries. Gear 
modifications decreasing seal-induced damages have been studied mainly by Finnish 
and Swedish researchers e.g. Hemmingsson et al. 2008; Suuronen, Siira, Kauppinen, 
Riikonen, Lehtonen & Harjunpää (2006) and Lunneryd, Fjälling & Westerberg (2003). 
Salmon fishery effects seal population in a negative and a positive way. Seal population 
declines as a result of juveniles drowning in fishing gear. Lunneryd et al. (2005) 
monitored the by-catch of seals in Swedish fisheries. The impacts of by-catch on the 
seal population are quite little studied and according to Lewison, Crowder, Read & 
Freeman (2004) there is only rudimentary understanding on the issue.  
 
In Scotland the salmon fishery is troubled by both grey and harbor seals. Butler, 
Middlemas, Graham and Harris (2010, article in press) have studied the seal predation 
impacts and costs. An interesting finding was, that most of the fishermen believe that 
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seals have significant or moderate effect on stocks as well as catches, while the direct 
yearly cost of seal interference in rod fishery were estimated to be 17 000 € (£14 960) 
and the catch and net losses were 18 750 € (£16 500)5. The authors state that these 
direct costs should be compared to seal social benefits.  
 
We  will  employ  open  loop  optimization  in  the  bioeconomic  modeling,  which  means  
that the results are partly dynamic and partly static. Even though our choice variable is 
fixed, the state variable - population size - and resulting harvest rate are defined 
dynamically through time. In open loop optimization, the results are dependent on the 
initial values, thus they are not globally optimal. This approach is also applied by 
Björndal, Gordon, Kaitala and Lindroos (2004, 450) in their study on multi-nation 
management of spring-spawning herring fishery. The highly migratory fish stock 
moving on international fishing grounds expresses features, which make it difficult to 
manage and prone to strategic behaviour. The study shows that co-operation on 
international level exceeds the profits of competitive open access situation manifoldly.  
 
Studies based on economic features of seal-fishery conflict are few. More bioeconomic 
models have been structured to fisheries than to seal populations possibly because of 
the direct economic use of fish.  
 
Grey seal 
Economic value of the British grey seal population has been studied by Bosetti and 
Pierce (2003). The study uses a contingent valuation method for solving the willingness 
to pay (WTP) for seal conservation. Through defining the WTP for seal conservation, it 
was found out that the value of seal surpasses manifold the losses suffered by 
fisheries. To our understanding, the sample size of the study is however precariously 
low, meaning that no tenable interpretation of the actual WTP can be made.  
 
                                                        
5 Euro exchange rate October, 2010, British pound 0.88009 (Bank of Finland 2010). 
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The management options for keeping the grey seal population on an economically 
reasonable level are described by Harwood (1978) in a British study. The study shows 
that hunting the seal pups alone is an inefficient management measure. Harwood 
suggests a regime of constant hunt on adult seals with proportionally more male seals 
hunted. The economically reasonable level of seal population in the study is however 
defined without any knowledge on the social benefits of seals, what makes the 
justification of the suggested hunting regime all but reliable. 
 
As can be seen, there is a need for valuation study on the benefits of grey seal, since 
the existing literature provides only as a suggestive results on the issue. 
 
Atlantic salmon 
Laukkanen (2001) has compared the optimality of different salmon fisheries in the 
Baltic Sea taking into account also river fisheries and coupling both wild and reared 
salmon in a bioeconomic model. The simulation results suggest closing of both inshore 
and offshore fisheries. Kulmala, Laukkanen and Michielsens (2008) have constructed a 
bioeconomic model for Atlantic salmon fishery in the Baltic Sea. The study suggests a 
policy of only two active fisheries: the coastal trap net fishery and river fishery.  
 
Laukkanen (2003) has studied the Northern Baltic salmon fishery in a game theoretic 
setting, suggesting considerable benefits from cooperative harvesting strategy. 
Kulmala, Levontin, Lindroos, Michielsens, Pakarinen and Kuikka (2009) have also 
applied a bioeconomic model of Baltic salmon fishery to a game theoretical framework 
from the international management point of view, and this study is used as a 
foundation to our study.  
 
Shivarov, Kulmala and Lindroos (2005) have addressed the Baltic salmon fishery 
management costs. The costs from purely managing the population have turned out to 
be of major importance, even though the management costs have been historically 
neglected and instead the focus has been on benefits from fish stock itself. The 
management costs occur through producing fisheries services; research, management 
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and enforcement services. The study relates to the question if an optimal level of 
fisheries management costs can be found. Results show that the level of management 
costs at the time was overdone in relation to the profits derived from the fishery. 
However the study lacks any non-market values of salmon stocks, thus resulting in 
possibly unrealistic benefits from the fishery. 
 
Traditionally, the role of recreational fishing has been considered irrelevant relating to 
the changes in salmon stock size. This view has resulted in emphasizing marine stock 
management. The marine focus is challenged by recent studies (Olaussen & Skonhoft 
2008, 290; Cooke & Cowx 2006, 94; Coleman, Figueira, Ueland & Crowder 2004, 1958) 
which show river fishery management may account for substantial variation in salmon 
stocks. The scope of this study however features only the marine trap net and offshore 
longline fisheries. 
 
This chapter presented the theoretical base of renewable resource management with 
special emphasis on fisheries, casting light also to the aspects of population projection 
and the characteristics of human-wildlife conflict management. We also represented 
the existing literature on the issue. 
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4. Population models 
 
It is essential to project the population dynamics in order to connect them as 
constraints  to  the  economic  optimization  model.  In  this  section  we  describe  the  
population projection models we have used as the basis of the bioeconomic model.  
 
The area in consideration is the Baltic Sea, which is a unique sea area with low salinity 
and varying temperature. The species of the Baltic Sea have adapted to their 
environment to an extent that their genetic code is differentiated from that of same 
species living in other parts of the world (Boskovic, Kovacs, Hammill & White 1996, 
1793; Koljonen, Jansson, Paaver, Vasin & Koskiniemi 1999, 1766).  
 
Our model does not include biological interactions of salmon and grey seal. A paper by 
MacKenzie, Alheit, Conley, Holm & Kinze (2002, 177) states that in the beginning of 
20th century the predator-prey interaction between seal and salmon has been more 
important, as the large grey seal population’s fish consumption was high. Now that the 
grey seal population in the Baltic Sea is five times smaller, the biological interaction 
can be considered less important.  
 
Biological interactions may of course have indirect economic impacts through varying 
population sizes, which may affect the profits gained from the fishery. Nonetheless, 
the focus of our study is on the direct economic impacts. Studies on grey seal diet also 
show  that  salmon  is  not  the  main  food  source  for  seals,  which  makes  the  possible  
predator-prey interaction less effective. Although the diet of seal is based only 
minutely on salmon, it does not remove the direct economic effects on salmon fishery 
and this is why we concentrate on economic rather than biological species interaction.  
 
Salmon population is here assumed to consist only of wild salmon originating from 
Tornionjoki, a river draining into Bothnian Bay. Although thousands of reared salmon 
are released annually into the river, their survival and spawning are highly uncertain. 
Once released, reared salmon lack experience in migration, avoiding predators and 
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finding feed compared to wild salmon, what leads to high mortality of reared salmon. 
(ICES 2009, 118.) For example in 2010, FGFRI released 4000 reared smolts into 
Tornionjoki river (FGFRI 2010 c). The initial population in the model is counted 
according to FGFRI’s seal census (fig. 4.2) and salmon stock assessment in 2009 (ICES 
2010 and H. Pulkkinen, personal communication 11.6.2010).  
 
               
Figure 4.2. Grey seals counted in the census 2009 from the Finnish marine areas. In 
our model the seals in Gulf of Finland are not considered. (Map: HELCOM, data: 
FGFRI 2009 a.) 
 
4.1. Atlantic salmon stock dynamics 
Salmon has quite different kind of survival strategy than seal. Salmon invest in large 
amount of eggs and milt, of which only a small fraction develop into adult fish. Salmon 
does not nurse the offspring, thus the amount of eggs must be massive. Salmon is a 
migratory fish, which moves from sea areas into fresh water rivers and back according 
to different life stages. Each migration may be fatal, and in the model the risks of 
migrations are described through age-specific mortality rates. (Fleming 1996, 381-389.)  
 
Juvenile salmon spend approximately three and a half years in the natal river, which in 
our model is Tornionjoki. During this time the juveniles go through four development 
stages: first egg, then fry, parr and finally the smolt stage (Fig. 4.3). The spawning 
strategy makes salmon sensitive to environmental conditions because its spawning 
area is limited to the specific natal river, where the different salmon generations 
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return time after time. Compared to other Baltic fish species this makes salmon a 
confined spawner.  
 
Figure 4.3. Life cycle stages of the Atlantic salmon (Moyola angling club). 
 
Smolts migrate to the Baltic Main Basin for feeding. This life stage is called post-smolt 
stage, which is essential from economic point of view, because the spawning stock size 
varies  in  proportion  to  the  post-smolt  mortality.   In  our  model  we  assume  that  the  
eggs develop straight into smolts after the first four years. This assumption is feasible, 
because modeling the river stages precisely adds complexity of the model without 
bringing extra value to the economic model. After smoltification and migration to the 
sea, the salmon abundance is affected by harvesting. The population is projected in 
discrete one year time steps. The initial population and the age-specific biological 
parameters are described in table 4.1. 
 
Table 4.1 Initial population size and age specific biological parameters for salmon. 
 
1SW-5SW are the salmon spending their first-fifth winter in the sea. Sex ratio is the proportion of fecund 
females in each age group. Homing rate is the proportion of fish returning to the natal river. Fecundity is 
the age-specific amount of eggs each fecund female produces. 
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The  amount  of  eggs  (????) produced by the spawning stock at time ? is given by 
equation 
 
(4.1) ???? ? ?????? ??????? ? ????? ? ????? ? ???? ? ?????? ? ????? ? ????? +                                        ?????? ? ?????? ? ????? ? ????? ??????? ??????? ? ????? ?                                        ????? ? ??????? ? ?????? ??????? ? ?????, 
 
where ?????? … ??????? denotes the spawning salmon with age groups. The parameters  
?????, ????? and ?????  are the age-specific fecundity, homing and sex ratios 
respectively, where ? denotes the age between 6 and 10.  
 
We begin with the first economically significant stage, the smolts. The smoltification is 
defined by the stock-recruit relationship and the mortality caused by M74 –syndrome. 
Stock-recruitment6 relationship is an essential tool in population projection, since it 
provides information on the stock size needed to ensure that the fish stock is replaced 
in the next generation (Jennings, Kaiser & Reynolds 2001, 70). During smoltification, 
fish develop traits, which enable living in salty marine environment. The amount of 
smolts in year ? is described by equation 
 
(4.2)  ???? = ??????)????????????(?????) , 
 
where ? and ? are recruitment parameters. The parameter m74 stands for the 
mortality  caused by the M74 syndrome7. M74 mortality is an important factor in this 
life stage where the amount of eggs surviving the alevin stage depends on the 
probability of females suffering from M74. If the spawning female suffers from M74, at 
                                                        
6 Recruitment can be defined as the number of individuals reaching certain stage of the cycle. In case of 
salmon, this is the occasion of juvenile river dwelling fish turning into smolts, which begin the migration 
to the sea. 
7 The possible causes of M74 syndrome are further discussed in chapter 3.1.2. 
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least part of the offspring will die, if not all of them. Biological parameters are 
described in the table 4.2. 
Table 4.2. Biological parameters, constant through ages. 
Symbol Definition Value
? Recruitment parameter 51.57
? Recruitment parameter 0.000469
m Adult natural mortality 0.069
mps Post-smolt mortality 0.7885
m74 Mortality caused by M74 0.06  
The salmon spending their first winter at sea feeding are called one sea winter (1 SW) 
salmon. During the feeding migration to sea, salmon alters its’ diet from water surface 
insects and water invertebrates to preying on herring (Clupea harengus) and sprat 
(Sprattus sprattus) (FGFRI 2008). The amount of one sea winter salmon is given by 
equation 
 
(4.3)   ???? ? ???????????  , 
 
where   ??? stands for the post-smolt mortality, which is the mortality taking place 
after recruitment, before salmon are of fishable size. The post-smolt mortality is highly 
varying, but the overall trend has been increasing (fig. 4.4). In general, post-smolt 
mortality is a good indicator of salmon population state, since it has such a strong 
effect on the population dynamics. The post-smolt mortality cannot be compensated 
through release of hatchery reared smolts (European Commission 2009, 8).  
 
Figure 4.4. Post smolt mortality of Tornionjoki salmon stock in 1985-2009 (H. 
Pulkkinen, personal communication 1.6.2010). 
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Part of 1SW male salmon mature early and migrate back to their natal river for 
spawning. These early spawners are called grilse. They are opportunists; they try to lay 
their milt at the same time with the large male salmon. Grilse sacrifice feeding 
opportunity at sea, thus facing reduced growth, survival and reproductive success. 
(Fleming 1996, 391 & 404.) The abundance of grilse is given by equation  
 
(4.4) ???? ? ???????????????  , 
 
where ??, the homing rate, is the proportion of one-sea-winter fish beginning 
spawning migration. The strong homing behaviour of salmon has produced genetically 
differentiated stocks depending on the natal river. ?????  denotes the amount of eggs 
each female produces in each age group. The migrating salmon are targeted by the 
coastal salmon trap net fishery. ?????  is the age-specific sex ratio.?  is the natural 
mortality of adult salmon. The catchability of the coastal trap net is described in ?????, 
catchability coefficient measures the efficiency of fishery to catch salmon. ? is  the  
fishing effort – our choice variable.  
 
Two-sea-winter salmon amount is described by equation 
 
(4.5) ???? ? ?????????????????????  
 
The feeding salmon in Southern Baltic Sea are exposed to the offshore longlining (???) 
fishery throughout the year. In our model the mortality caused by longlining fishery is 
expressed by a constant mortality rate that reduces the stock available for trap net 
fishery by a constant proportion.  
 
The amount of three-sea-winter salmon is given by equation 
 
(4.6) ? ??? ? ????????????????????? 
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The amount of four-sea-winter salmon is described by equation 
 
(4.7)   ???? ? ?????????????????????  
 
The amount of five-sea-winter salmon is described by equation 
 
(4.8)                      ????? ? ?????????????????????  
 
Salmon stock varies both spatially and temporally due to natural and anthropogenic 
causes. Anthropogenic causes to demographic changes can be for example 
exploitation,  habitat  alteration  and  climate  change.  (Fleming  1998,  59.)  To  keep  the  
population model simple and easy to interpret only exploitation in the form of fishing 
mortality will be considered in the model. We assume that the spawning occurs before 
fishing. Grilse, one-sea-winter and multi-sea-winter salmon are affected by fishing. We  
assume that all salmon die after spawning. This assumption is based on the fact that 
most salmon die in the winter after spawning, while some individuals may continue to 
spawn several times. (FGFRI 2009 c.) 
 
4.2. Grey seal population dynamics 
 
Grey seal population is a typical example of a long-lived mammalian carnivore 
population, which is expected to be quite persistent in ecological time. The persistent 
population can of course decline rapidly as a result of e.g. intensive hunting or 
environmental changes. In absence of migration, rates of population growth are 
defined by vital rates. (Bowen, McMillan & Mohn 2003, 1265.) In this chapter we 
describe how we project the grey seal population. 
 
We construct an age-structured model with exponential growth rate also known as 
Leslie matrix population model (Leslie 1945; Caswell 2001) for Baltic grey seal. In this 
model we assume that the Baltic grey seal population is on its exponential growth 
phase. According to Harding et al. (2007, 40) the assumption is feasible in the Baltic 
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Sea because the population is estimated to have been five times larger in the 
beginning of the 20th century therefore indicating that the present population is far 
from its carrying capacity.  
 
According to Sinclair (1996) in Bowen et al. (2003, 1265) severely reduced populations 
may increase exponentially until the population growth is slowed by density 
dependent factors. The factors that slow down the reproduction rate are assumed to 
be irrelevant during the next few decades in the Baltic seal population and are thus left 
out of the model. (Harding et al. 2007, 40.)  
 
When using Leslie population model with an exponentially growing population, it is 
assumed that the population has reached a stable age distribution. The proportion of 
individuals in different age groups at certain time is what we call age distribution. 
Stable age distribution is reached when the age distribution does not change with the 
given fertility and survival values. (Rockwood 2006, 93.) Only after reaching stable age 
distribution the population can grow exponentially. (Krivan & Havelka 2000, 73.) The 
age class distribution of the initial population is depicted in fig. 4.5. 
 
Figure 4.5. Number of seals in each age class of the initial population. 
 
In the model population’s growth rate depends on the survival and reproduction 
probabilities of different age groups. (Hanski, Lindström, Niemelä, Pietiäinen & Ranta 
1998, 259-260.) In other words, we assume that the individual chances of reproduction 
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and survival are functions of the individual’s age. Exponential growth rate means that 
the chances of reproduction and survival are not affected by the size of population. 
(Pielou 1977, 41.) The probabilities are obtained by applying the population 
assessment study made by Harding et al. (2007).  
 
The population model is simplified to consider only females and their daughters. Thus 
the reproduction rate contains only the female pups. In the projection we get the 
whole population by multiplying all age classes by two, since the initial population 
contains only females and the sex ratio is 0.5. We assume that males are readily 
available for breeding. (Hanski et al. 1998, 244; Kokko et al.  1996, 920).  
 
Projection matrix 
 
Exponential growth rate can be described by the equation 
 
(4.9)  ???? = (1 + ? ? ?)?? ? ???  
 
Here ?? is the number of grey seal females at time ?. ? is reproduction rate and?? is 
mortality. ? is the net reproduction rate. As the time proceeds, the initial population 
?? is affected by birth, death and ageing. We observe the population in discrete one 
year time steps denoted by ?.  
    
In our model the females are classified into 46 groups ??=46) according to their age. All 
individuals  aged  0-1  years  belong  to  the  age  class  ??, as 1-2 years old individuals 
belong to ?? and so on. Individuals in age group 2 at time  ? + 1 are the survivors of 
age group 1:  
 
(4.10) ???? + 1)  =  ??????) 
 
??denotes the survival from one age group to the next. 
First age-group originates from reproduction of all fertile age groups: 
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(4.11) ???? + 1) = ???? (?)  + ???? (?) + … + ???? 
 
where ?? ??) is the number of females in the initial population per age class. ?? denotes 
the per capita fertility rate and it can also be thought of as the number of daughters 
born in unit of time per female. In case of grey seal we assume that seals begin 
reproduction at age six. In the literature we can find varying data on the age of first 
reproduction. Harding et al. (2007) use 5.5 years as the age of first birth, which is 
based on 4 different studies base on Atlantic grey seal populations. HELCOM’s Baltic 
grey seal health assessment indicates that 94 % of the examined females aged at least 
4 years were fertile, while 28 % of 3 years old females examined were sexually mature 
(Bäcklin, Kunnasranta & Isomursu 2008). 
 
Equations (4.3) and (4.4) can be formed for each age group and arranged in a matrix 
form in order to find out how the population looks like one time unit later:  
(4.12)
 
?
?
?
??
??...
???
?
?  (? + 1) =
?
?
?
?? ??    …  ??
?? 0    …  00      ??      …  ? 0       0    ????   0??
?
?
?
?
??
??...
???
?
? (?) =
?
?
?
?
?
???? ??+ ????
????
????...
?????  ???? ?
?
?
?
?
??) 
 
The population of the next period on the left side of the equation is thus defined by 
the right side; the survival and fecundity probabilities multiplied by the population of 
this period. We begin the simulation with the initial population size in year 2009 (fig. 
4.5, p. 49) and the time span of the model is 60 years (?=60). 
Table 4.3. Probabilities of grey seal fecundity and survival (Harding et al. 2007, 39-42). 
Fecundity 
 
Survival 
 Age 6 0.1781 Age 1 0.493 
Ages 7-46 0.35625 Ages 2-4 0.83 
  
Ages 4-46 0.935 
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The probabilities of fecundity and survival (table 4.3, p. 51) define the population 
development.  Bergman’s study (1999) on seals’ health conditions indicates that the 
frequency of pregnancies has increased markedly in the past few decades. In 1977 the 
pregnancy rate was only 9 % whereas in 1996 the rate was already 60 % of the mature 
females reproducing. The fecundity rates we used are 0.17 for juveniles and 0.35 for 
adult seals (Harding et al. 2007, 42). 
 
According to Harding et al. (2007, 41) the best available estimate of adult grey seal 
survival rate is 0.935, since it rests on a large sample. The most important threat to 
adult grey seals is hunting. Only a small fraction of seals die for a reason not influenced 
by human (fig. 4.6). In 1997-2007 in Finland and Sweden 50 % of examined dead grey 
seals had died because of legal hunting (Bäcklin et al. 2008). Before 1997 the hunt-
induced deaths were very low because the regulated hunting was introduced not until 
1997. 
 
Figure 4.6. Causes of death in examined Baltic grey seals in Sweden and Finland. The 
period 1997-2007 is presented with hunt included and excluded. N is the number of 
investigated animals. (Bäcklin et al.2008). 
 
Fishing gear poses a threat on juvenile seal survival (fig. 4.6). Typically seals found dead 
in the fishing gear are juvenile  seals  just  beginning to live on their  own.  According to 
Finnish statistics of seal by-catch, 71 % of the seals found dead were under 1 year old, 
19 % older juveniles and only 10 % fertile individuals (Helle & Stenman 1990, 55). This 
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indicates that juvenile seals are most frequently caught as by-catch, while adult seals 
seem to avoid being caught in the fishing gear. Fisheries by-catch can lead to 
drowning, delayed mortality or sub lethal injuries, what makes the issue difficult to 
monitor (Lewison et al. 2004). Thus we use a low pup survival rate of 0.493 (Harding et 
al.2007, 39).   
 
A Swedish log-book study made by Lunneryd et al. (2005, 7) indicates that 300-500 
grey seals end up drowning in the fishing gear as by-catch. According to the total 
number of Baltic seal by-catch in all gear types may be near 1000 individuals (MoAF 
2007, 42). 10-20 % of juvenile grey seals die in the fishing gear, as the total mortality 
rate of juvenile seals is 40-60 % according to Below (2000, 23). Thus we will use a 
survival rate of 0.83 for the juvenile seals (Harding et al. 2007, 39).  
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5. The economic model 
 
In applied economics the main task is to estimate the welfare consequences of 
economic policy (Díaz-Giménez 2001, 13). Here social welfare consists of the economic 
interaction between seal and salmon populations, which are regulated by economic 
and environmental policy – fisheries management and species conservation in specific.  
 
Social planner chooses the fishing effort of salmon through maximizing present value 
of net social benefits. Salmon catch losses depend on the size of seal population as 
increasing catch losses are expected when the seal population increases. It is assumed 
that when an investment on seal safe gear is made, the catch losses decrease. A study 
made by Suuronen et al. (2006) justifies this assumption. According to their study using 
modified trap nets can lead to considerably low catch and gear damage. Especially a 
pontoon or push up trap net shows good results in preventing seal induced catch and 
gear losses. While the non-modified traditional trap net models experienced 30 – 50 % 
seal induced catch damages the pontoon trap net resulted in only 1 – 2 % catch losses. 
Gear damages were almost non-existent in trap nets with Dynema netting, whereas 
traditional trap nets suffered damage 26 %  (Suuronen et al. 2006, 134).   
 
The uncertainty regarding seal hunting considering its effects on seal population’s 
viability makes hunting a questionable policy tool in seal management. This is why in 
this study we focus on the compensation scheme rather than to giving policy 
recommendations on seal hunting quotas. Non-lethal management of the seal-fishery 
conflict is politically feasible, if the fishermen can either avoid the seal-induced 
damages by gear modification or they are compensated for the damages occurred. We 
examine two different scenarios and a compensation scheme. The first scenario 
represents the salmon stock without the effect of seal population. The second one 
includes the grey seal population, and its’ effect on salmon catches is described. Finally 
we introduce a possible compensation scheme on the basis of the comparison of 
scenarios. 
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5.1. Optimization problem 
 
In  the  economic  optimization  problem  the  natural  resource  manager’s  goal  is  to  
maximize the discounted net benefits of the salmon stock taking into account the seal 
induced effect on the salmon harvest. Seal induced losses can be managed by 
introducing seal safe fishing gear. The new fishing gear results at first in increased costs, 
which are reimbursed by the compensation scheme. 
 
When  the  time  horizon  extends  over  a  long  period  of  time,  a  way  to  aggregate  the  
benefits and costs occurring in different years is needed. For this purpose we calculate 
the net present value for the scenarios. Future benefits and costs are discounted in 
order to obtain the present value. Then the difference between the present value of 
benefits and the present value of costs are calculated to obtain the net present value. 
(Boardman, Greenberg, Vining & Weimer 2001, 13-14.) 
 
In defining the fishing costs we follow the approach of Kulmala et al. (2009, 12), which 
happens to be almost exclusive source of Finnish fishing cost data first published in 
Kulmala et al. (2008, 721).  The fishing costs are comprised of variable costs, which are 
gear price, gear maintenance, fuel and labor costs. Since the simulation time span is 60 
years, the catch price parameter we used is the average value counted over ten years 
development in gutted salmon producer prices. The economic parameters are 
presented in table 5.1. 
Table 5.1. Economic parameters used in the model.  
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Scenario 1 
First we take a look at the salmon harvesting only. Salmon harvest is defined by: 
 
(5.1)    
   
?(?) ? ?????? ? (?????? ? ????) + (???? ? ????) + ((???? ??????? ? ????? ? ?)) 
 
Where ?????? is  the  proportion  of  fish  left  after  gutting.  Fishermen  gut  the  fish  
themselves before selling it (Nylander, E. personal communication 7.12.2010). The 
terms   ????  to ?????  are  the  ages  of  salmon,  which  are  targeted  by  fishing.  The  
parameters ????? ???? and ???? denote the age-specific catchability coefficient 
and ? is the choice variable; fishing effort, expressed in gear days. The decision 
variable ? is bounded from below by zero, and the upper bound is set to 100 000, 
which is regarded as largest possible effort.  
 
The decision variable, fishing effort, is defined in the beginning of the period and is 
held constant through time, since we use the open loop optimization. Open loop 
optimization is half dynamic and half static. The choice variable is thus static; however 
the constraints are defined dynamically during every period. 
 
The profits from the coastal trap net fishery are as follows: 
 
(5.2) 
???)??? =???? ? ?(?) ? ??? ? ?????? ? ?)/(1 + ?)?????
???
 
 
Where ?? is the average catch price per gutted salmon. The salmon caught by the 
coastal trap net fishery are denoted by ?(?). The parameter ??? denotes the fishing 
costs of trap net fishery expressed in € per gear day. The constant ?????? stands for 
the proportion of Tornionjoki salmon among the whole Baltic salmon population in the 
Finnish waters. The constant is used in order to get the fishing costs relating to the 
Tornionjoki stock. The parameter  ? is the discount rate.  
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As  the  profits  from  salmon  fishery  are  now  described,  we  can  move  on  to  the  next  
scenario and compare the profits in case of seal interaction. 
 
Scenario 2 
The second scenario adds seal populations effect on salmon harvest as follows: 
 
(5.3) 
???)??? =?((?? ? ?(?)???? ? ?(?)? ? ??? ? ?????? ? ?)/(1 + ?)?????
???
 
 
Here ???? is a constant that describes the proportion of seals that cause problems to 
fisheries. Together with the size of seal population, ?(?), the parameter ???? stands 
for the seal population’s impact on the salmon trap net fishery. The effect of seals is 
essentially economic, since the biological link between the species is not modeled 
here.   
 
Compensation scheme 
Here we calculate the optimal seal compensation scheme by difference between net 
present values of scenarios 1 and 2. The difference is seen as the seal induced fishery 
profit loss, which can be compensated through subsidies. 
 
The total compensation ( ???) needed in order to remain at the utility level of 
scenario 1 also in presence of seals can be calculated as follows: 
 
(5.4)  ??? ? ???)??? ? ???)??? 
 
The yearly maximum compensations can be calculated by comparing a sum of yearly 
discounted compensation with ???)???. The optimal compensation is found where 
???)??? equals ???)???: 
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(5.5) 
???)??? =???? ? ?(?)???? ? ?(?)? ? ??? ? ?????? ? ?)/(1 + ?)???+(????????????(? ? ?)??? )
??
???
 
 
Where ???????????? is the yearly compensation, which is here discounted over the 
time period. 
 
5.2. Numerical analysis and the results of the bioeconomic model  
 
We used MATLAB® -program (MathWorks™ 2010) as the computing environment of 
the numerical analysis of the bioeconomic model describing Baltic salmon and grey 
seal economic interaction. As the complexity of the model structure prevents the use 
of dynamic optimization, the MATLAB fmincon –algorithm is used to calculate the 
open loop optimal solution. The algorithm fmincon is a tool for finding a constrained 
minimum or maximum of a scalar multivariable function starting at the initial estimate.  
 
In this chapter we will analyze numerically the two scenarios and the compensation 
scheme described in chapter 5.1, and the central results are gathered in the table 5.2 
(p. 59), for which further explanation can be found in the following sections. A 
simulation period of 60 years is needed for the model to converge to a steady state. 
The length of the simulation may be subject to errors, especially because we do not 
apply stochastics in the model. 
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Table 5.2. Results of scenarios 1 and 2 and the compensation scheme. 
Scenario 1 Scenario 2 Compensation scheme
Effort (gear days) 35 426 28 220 28 220
Harvest (number of fish) 217 830 194 000 194 000
Fishable size stock (1000 fish) 1 570 1 707 1 707
Net present value (1000 €) 55 366 15 022 55 366
Net compensation (1000 €) 40 344
Yearly compensation (1000 €) 2 029
 
Scenario 1 
By using the equation (5.1) we calculated the profit maximizing fishing effort for the 
base scenario. The fishing effort defines the net present value of the fishery and in the 
first  scenario  the  optimal  fishing  effort  is  35  426  gear  days.  This  result  seems  to  fit,  
when comparing to the annual variation of salmon fishery efforts; during the last 10 
years efforts have varied from 18 000 to 33 000 gear days (fig. 2.5, p. 18). The optimal 
fishing effort in sole salmon fishery is thus higher than the actual effort levels, which 
may result from the absence of seals. 
 
This scenario returns a summed net present value of 55.4 million € over the time 
period  of  60  years  (fig.  5.1  a,  p.  60).  The  yearly  values  are  fairly  close  to  the  actual  
profits  gained  from  salmon  trap  net  fishery  during  recent  years  (FGFRI  2010  b,  12).  
Thus we can conclude that the bioeconomic model is applicable. Harvest stabilizes on 
the level of approximately 217 830 salmons in the steady state (fig. 5.1 c, p. 60), result 
being  of  reasonable  order  of  magnitude  although  a  bit  overstated  compared  to  the  
recent years. The resulting fishable size salmon stock stabilizes at 1.57 million fish.  
 
The age structure of the model enables us to inspect the changes in population 
development in terms of different ages. The peaks in the development of different 
ages (fig. 5.1 d, p. 60) result in congruent peaks in the economic output. The cyclical 
pattern  of  the  stock  may  stem  from  the  4  year  lag  between  egg  hatching  and  
60 
 
recruitment. There is a peak in smolt production every ten years, which results in an 
increased  size  of  the  fishable  size  stock  appearing  two  years  after  the  peak  in  smolt  
production.  It  takes  two  years  for  the  smolts  to  reach  the  size,  which  is  targeted  by  
trap net fishery.  
 
 
Figure 5.1. Numerical analysis of the scenario 1.  
 
We can see that the harvesting (fig. 5.1 a, b, c) lags one year behind the peaks in stock 
development. The fishable sized stock reaches its maximum size every ten years, 
whereas the harvesting is at its highest every ten years lagging one year behind, which 
means that it takes one year for the fishery to adapt to the increase in stock size. It is 
worth noting that the effort is static in our model, so the factor affecting the amount 
of harvest is the availability of fish due to changes in stock size.  
 
In  the  beginning  of  the  simulation  period  we  can  observe  a  strong  decrease  in  the  
salmon  stock  sizes.  At   ? =10, for example the five-sea-winter population reaches its 
lowest levels, as there are only 300 individuals left in this age group. This drop in stock 
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is explained by a drop in the smolt production. The smolt production in the second 
period decreases dramatically while the older age groups continue to increase. For 
example the five-sea-winter fish react to the drop in the smolt production not until the 
sixth period, where the increase changes into decreasing trend. The slow reaction of 
harvesting to the stock changes may make the situation even worse. As the harvesting 
is always one year behind the changes in fish stock, a weak fish stock is harvested at 
alarmingly high levels. However, the stock recovers fast, since there is an increase in 
smolt production at period 6, which occurs according to the cyclic 4 year egg-
recruitment lag. 
 
Scenario 2 
In the second scenario we introduce the seal impact to the salmon fishery. Seal impact 
works through the income of the fishery; more seals mean more catch losses. This way 
the increasing seal population (fig. 5.2) reduces the income of fishermen. The 
parameter ???? stands for an estimation of seal population impact on the salmon 
fishery. The parameter value 0.0003288 is constructed through connecting the amount 
of seals found in salmon fishing gear with the proportion of salmon eaten by grey seals.  
 
Figure 5.2. Grey seal population dynamics. 
 
                                                        
8 Proportion of seals found in salmonid fishing gear is 0.1875 (Lundström et al. 2010, 1233), which is 
calculated to the salmon through using the salmon catch proportion 0.2916 (FGFRI 2010 b, 12). These 
are then coupled with the percentage of seal’s salmon diet (Stenman 2007, 7).   
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The net present value of fishery declines considerably when seals are added to the 
system (fig. 5.3 a). The seal influenced present value is only 27 % of the total value 
compared to scenario 1 sole salmon fishery, bringing the summed net present value 
down to 15 million €. This indicates that a considerable monetary shortfall in seal 
affected fishery exists. As the fishery without seals returns 55.4 million € through time, 
and  only  15  million  €  when  seals  are  present,  fishermen  may  perceive  the  seals  as  
degraders of their investments.  
 
In the second scenario fishing effort is 28 220 gear days. In absence of seals the fishing 
effort is 21 % higher. The presence of seals makes the fishing effort go down, which 
results in an increased salmon stock compared to scenario 1. This implies that the fish 
population is more abundant in presence of seals. However, we  want  to  emphasize  
that the salmon stock size in this scenario should be regarded as only indicative, since 
the biological interaction between salmon and seal is not considered in the model.  
 
Figure 5.3. Numerical analysis of scenario 2. 
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The results of scenario 2 are close to the actual situation in the salmon fisheries, where 
the seal presence is a fact. During last ten years the fishing effort has varied between 
18 000 and 33 000 gear days in a seal-affected fishery. This makes our choice variable 
value 28 020 feasible. Even though the efforts in last few years have been closer to the 
20  000  than  30  000,  it  is  good  to  keep  in  mind  that  the  simulation  extends  over  60  
years and that the static solution should be compared to the longer effort history, not 
to the most recent course of events. 
 
Compensation scheme  
Finally we counted the optimal investment on seal safe gear. If we compare ???)???= 
55 366 000 € and ???)???= 15 022 000 we see, that the difference through time is 40 
344 000 € (fig. 5.4, p.63), which is the amount to be compensated through subsidies. 
This means that the yearly optimal compensation would be 2 029 000€, which is 
discounted over time. By using equation (5.5) we can check that introducing the seal 
compensation creates exactly the same summed net present value for the salmon 
fishery as in scenario 1, although the development through time is different. The net 
present value emulates the development of the compensation scheme, which makes 
the development different compared to the scenario 2. 
 
Figure 5.4. The optimal seal compensation through time.  
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In presence of the compensation scheme the stock variable, salmon stock, remains 
unchanged compared to scenario 2 (fig. 5.5, table 5.2, p.59). Also decision variable – 
the fishing effort - remains the same which results in an identical harvesting path as in 
scenario 2.  The fishermen are thus not obliged to change their fishing behaviour. 
 
 
Figure 5.5. Numerical analysis of the compensation scheme. 
 
Present seal compensations paid by the Finnish government have no special aim 
towards investments on seal safe gear – fishers can spend the compensations however 
they want. Nonetheless a sustainable coexistence of seal and fisheries requires the use 
of seal safe gear; hence we assume here that the compensation is spent accordingly to 
new seal safe gear. Gradually through compensations the sustainable situation is 
reached, which makes harvesting of seals unnecessary.     
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5.3. Sensitivity analysis 
 
We perform sensitivity analysis in order to view how the output of the model is 
affected by the variation in the model input. The model outputs observed in the 
sensitivity analysis are the net present value, fishing effort and the salmon population 
size of  the fishable sized fish.  All  the parameters,  both economic and biological  were 
tested, but here we concentrate on the changes in fishing costs, catch price, discount 
rate, offshore longline fishing mortality and seal effect on salmon fishery. 
 
The economic inputs interact directly with economic outputs, which affect the 
biological output indirectly. This means that an economic factor e.g. catch price defines 
the fishing effort, which then changes the population size. Biological inputs have 
secondary effects on economic outputs. They act through changes in salmon 
population size, which in turn alters the economic outputs.  
 
Here we will compare the changes in model parameters and resulting model output 
with the results obtained in scenarios 1 and 2 (table 5.2, p. 59). We examine changes in 
parameter values ranging from -50 to +50 %. The results of the sensitivity analysis are 
depicted in tables 5.3 and 5.4 (p.66). 
 
As  the  fishing  costs  decrease,  effort  increases  slightly.  As  a  result  of  this  the  profits  
from fishery increase almost accordingly to the effort increase. It is worth noting that 
the change in fishing costs causes ten times smaller effect in the net present value and 
effort and even smaller effect in the population, making the effect of cost change 
minute in scenario 1.  
 
Catch price has a strong effect on the value of fishery. It changes almost linearly 
emulating the changes in catch price. When prices go up, the profitability of the fishery 
increases, so the effort increases. Increasing effort makes the fish population smaller, 
since the harvesting becomes more intense. It is interesting that a decrease in the 
catch price causes a stronger reaction in fishing effort than an increase in price. 
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Table 5.3. Sensitivity analysis on fishing costs, catch price, discount rate and offshore 
longline fishing mortality in scenario 1.  
Definition Symbol Change NPV (%) Effort (%) Population (%)
Fishing costs ctn -25 % 2,7 3,7 -1,5
-50 % 5,5 7,7 -3
+25 % -2,6 -3,4 0,3
+50 % -5,2 -6,5 2,7
Catch price cp -25 % -27,6 -4,4 1,8
-50 % -55 -12 5
+25 % 27,7 2,9 -1,2
+50 % 55 5 -2
Discount rate r -25 % 25,8 1,7 -0,7
-50 % 63 4,1 -1,6
+25 % -22,7 -1,1 0,4
+50 % -38,8 -1,7 0,7
Offshore longline OLL -25 % 19,4 -7,6 13,3
fishing mortality -50 % 45,4 -13,5 27,9
+25 % -14,5 8 -11,5
+50 % -25,8 14,6 -20,8  
 
Table 5.4. Sensitivity analysis on fishing costs, catch price, discount rate, offshore 
longline fishery mortality and seal effect on salmon fishery in scenario 2. 
Definition Symbol Change NPV (%) Effort (%) Population (%)
Fishing costs ctn -25 % 8,1 8,6 -4,5
-50 % 17 19,1 -9,6
+25 % -6,6 -6,5 3,5
+50 % -14,6 -16,9 7,7
Catch price cp -25 % -32,5 6,8 5,6
-50 % -63,6 11,9 14,7
+25 % 33,1 -9,6 -3,3
+50 % 66,5 -24,8 -5,8
Discount rate r -25 % 28,7 0,6 -0,3
-50 % 69,6 1,3 -0,7
+25 % -20,8 -0,4 0,2
+50 % -36,2 -0,7 0,4
Offshore longline OLL -25 % 24,5 -2,2 12,8
fishing mortality -50 % 56,6 -4 28,5
+25 % -18,9 2,1 -10,8
+50 % -33,5 3,6 -19,9
Seal effect on seal -25 % 44,2 8,6 -4,5
salmon fishery -50 % 134,1 19,1 -9,6
+25 % -26,1 -7,4 4
+50 % -43,1 -13,9 7,7  
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Discount rate affects strongly the value of fishery, whereas the effort and fish stock 
size remain almost unchanged. Also here a decrease in discount rate brings about 
stronger effects compared to same rate of increase in discount rate. 
 
The fishing mortality caused by offshore longline fishery works through changing the 
availability  of  salmon to the trap net fishery.  It  seems to have a strong effect  on the 
value of trap net fishery. The effort changes are relatively intense.  
 
The seal parameter has a very strong effect on the trap net fishery value. Neither the 
fishing effort nor the fish stock is as strongly affected as the net present value.  
 
Generally  speaking  the  trend  of  changes  in  scenario  2  is  the  same  as  in  scenario  1.  
However, all the changes in scenario 2 seem to be stronger compared to scenario 1. It 
seems  like  the  scenario  2  is  more  prone  to  fluctuation.  This  should  be  kept  in  mind  
when considering the reliability of the model.   
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6. Findings and conclusions 
6.1. Results 
We  find  that  in  both  scenarios  the  optimal  level  of  fishing  effort  is  higher  than  the  
actual effort employed in the Finnish coastal fishery. This may indicate that the Finnish 
trap net fishery is managed on a suboptimal level.  The results suggest that the fishing 
effort in seal affected fishery is lower than in the sole salmon fishery. The rising 
population of seals increases the economic losses suffered by fishermen and makes 
them harvest less, since the profitability of the fishery decreases. As the effort is lower 
in presence of seals, the salmon stock size reaches a higher level compared to that of 
sole salmon fishery. 
 
According to our results, the present seal-compensation scheme is suboptimal, as it 
seems to be undersized. The yearly compensation paid by Finnish government range 
between 3 million € and 1.3 million € altogether. However, only part of this is aimed 
for salmon trap net fishery. The exact amount of compensation directed to trap net 
fishery is not available, since the data on compensations is deficient and the 
compensations cover different fisheries and fishing techniques. Our preliminary 
estimations suggest that the actual compensation paid to salmon trap net fishery by 
Finnish government is some 720 000 € yearly until 2013 (FGFRI 2010 b, & MoAF 2010). 
Our simulation model suggests a compensation of 2 million € for the salmon trap net 
fishery. However, the compensation scheme solution represents the maximum 
amount of compensation, and it is not to be interpreted as a policy implication. Rather 
it can be regarded as the uppermost value of seal damage compensation payments. 
 
We have assumed that  the fishermen should attain the utility  level  equal  to the sole 
salmon fishery also in presence of seals. The economic gap between seal affected 
fishery and sole salmon fishery is here fully compensated to fishermen. This is however 
not an obvious assumption. Another management strategy would be to deal out a 
technological subsidy for the fishermen in a one-off manner in order to enable them to 
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buy seal-safe gear. This would reduce the seal induced losses close to zero while the 
subsidy was paid only once, and there would be no need for a yearly compensation.  
 
The results of the sensitivity analysis suggest that the offshore longline fishery has a 
great impact on the profitability of the coastal trap net fishery. Since offshore 
longlining  affects  the  salmon  stock  available  for  the  trap  net  fishery,  an  increase  in  
longlining effort has an impact on the profits of trap net fishery. The longlining effort 
has increased in the recent years, replacing the efforts formerly used in drift netting, 
so it remains to be seen how the trap net fishery will cope with the future 
development of offshore longlining fishing effort. 
 
6.2. Possible research extensions 
 
Biological extensions 
There are several possible extensions to the bioeconomic model. Biological interaction 
between salmon and grey seal populations could be added to the bioeconomic model 
to increase its’ relevance. This of course requires sufficient data on the interaction.  
The biological interaction of herring and sprat with their predator species salmon and 
seal could be modeled, since the herring fishery is economically important. The effect 
of seals on the herring and sprat population is expected to be quite strong, since most 
of seals diet consists of these two species. 
 
Density dependent factors can be incorporated to the seal population model when 
environment’s carrying capacity is reached. Mobility could be introduced in the 
population model, since grey seal females are highly mobile before the first breeding.  
Mobility is however dependent on density so that females will move if future 
offspring’s survival is expected higher in other than present location. (Thomas et al. 
2005, 26.) It could be worth considering to structure the population by size, instead of 
age, since size sometimes defines the similarities between individuals better than age 
(Caswell 2001, 39). 
 
70 
 
Economic extensions 
If possible the decision variable fishing effort could be modeled in a fully dynamic 
setting. This would increase model’s applicability, since a constant fishing effort 
confines the interpretation of the model output. It would also add realism as the 
fishermen usually react to the changes in economic or biological factors through 
varying the fishing effort.  
 
In the present model the grey seal population does not provide any benefits for the 
society.  In  order  to  include  the  possible  non-market  values  of  grey  seals  a  valuation  
study could be carried out. Also ecotourism could be taken into consideration. It 
accounts for only a minor income in Finland, but in the future it could become more 
important source of income. In for example England, seal safaris are quite popular 
tourist attractions.  
 
River fishery plays an important role in salmon population dynamics as well as in the 
society’s welfare, since river fisheries embody not only direct use value but also 
recreational and existence value. In order to get a more comprehensive picture of the 
salmon use and management, the river fishery should be incorporated into the 
bioeconomic model. This could be done through adding non-market values of river 
fishery.  
 
Many of the parameters used were constant point estimates. To add some realism to 
the economic model, for example a cost function could be used instead of constant 
cost parameter, and it could incorporate the seal induced cost effects. As fisheries 
management  costs  seem  to  play  an  important  role  in  society’s  overall  benefit  from  
salmon stock, also management costs could be studied in relation to the compensation 
scheme. 
 
6.3. Conclusions 
The objective of the study was reached. We formed a bioeconomic model in order to 
inspect the seal induced economic effects on the salmon trap net fishery and provide 
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new  insights  into  the  issue.  We  applied  the  existing  literature  as  well  as  provided  a  
theoretical framework on the issue. The bioeconomic model was used to analyze a 
scenario of sole salmon fishery as well as a scenario which incorporated the grey seal 
into the salmon fishery. On the basis of these scenarios a seal compensation scheme 
was developed, in order to ensure the co-existence of salmon fishery and the grey seal 
population. The model suggests that by implementing the seal compensation scheme, 
the value of coastal trap net fishery could be increased while keeping the salmon stock 
at a higher level compared to sole salmon fishery. 
 
Due to the lack of economic valuation information on seal social benefits, we must 
leave an important factor, the net benefit value of seals, aside. Thus we will only 
consider seals through the catch damages caused to fisheries. By limiting the scope of 
this study to only catch damages, the negative external effect of seal by-catch caused 
by salmon fishery is left out from the bioeconomic model. This is expected to affect the 
model setting and should be further studied. 
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